This article reports on the development of a simple and cost-effective bioassay for the detection of biotin in urine and serum, based on the very selective binding of avidin and biotin. Avidin was allowed to react without isolating it from egg white. Egg white was treated with the dye HABA, which binds to avidin. Upon subsequent treatment with biotin, HABA is released due to the high affinity of biotin to avidin. The amount of HABA released is proportional to the amount of biotin used.
Introduction

Biotin
(hexahydro-2-oxo-1 H-thieno [3,4-d] imidazole-4-pentanoic acid), a member of the B complex group of vitamins also known as vitamin H, is an essential micronutrient for all mammals.
Biotin acts as a coenzyme to carboxylases, decarboxylases and transcarboxylases. These enzymes catalyze significant metabolic reactions and they play an important role in biochemical processes such as gluconeogenesis, lipogenesis, aminoacid metabolism and energy transduction. 1 Biotin is synthesized by the normal microflora of the large intestine and is partly absorbed in the colon. Avidin, a glycoprotein found in egg whites, binds biotin very specifically and tightly (Kd = 10 -15 M). [2] [3] [4] Determination and monitoring of biotin in biological fluids is important and a number of analytical methods have been developed for this purpose. Despite the vast number of techniques that are available at the moment, none is used routinely due to their sophistication, cost, and the presence of interferents, the most common of which are biotin metabolites. 5 The aim of this study was the development of a simple, easy to apply and cost effective bioassay for the possible detection of biotin in biological samples like urine and serum. The method was based on the very selective binding of avidin and biotin. The novelty of our method is that avidin is allowed to react without isolating it from egg white where it is normally found. Avidin in its natural environment has available sites for complex with HABA [2-(4-hydroxyphenylazo)benzoic acid], the same sites that at a second stage react with biotin. 6 As a result, we were able to develop a method for monitoring biotin in biological samples without purifying avidin.
Experimental
Materials
All reagents (Tris-HCl, HABA, avidin, biotin, NaOH, HCl) were obtained from Sigma-Aldrich (Deisenhofen, Germany) and were of analytical grade. Egg white was obtained from fresh eggs (1 day old), purchased from the local store. Urine and blood samples were obtained from 9 healthy volunteers (5 male and 4 female) that had previously signed an informed consent. The study protocol was approved by the local ethical committee. Spectrophotometric measurements were conducted with a Spectronic 20D+ spectrophotometer (Milton Roy Scientific).
Solutions
In order to adjust the pH of the solutions to desired values, we used 0.1 M HCl solution and 0.1 M NaOH solution. An aqueous solution of purified avidin (6 × 10 -5 M) was prepared. Aqueous biotin solutions of various concentrations were prepared. A HABA solution (0.56 M in Tris-HCl, pH 9.5, with concentration of 2.5 × 10 -3 M) was also prepared.
Processing and handling of urine and blood samples
Urine samples were centrifuged for 10 min at 5000 rpm at room temperature to remove cells and debris. Serum was obtained from whole blood which was centrifuged for 10 min at 5000 rpm and room temperature. Measurements were conducted within 1 h.
Preparation of HABA-egg-white complex
From each egg, approximately 40 g of egg white were obtained. This was mixed with 500 ml of HABA (0.56 M in Tris-HCl, pH 9.5, with concentration of 2.5 × 10 -3 M) solution. The resulting mixture was allowed to stand at 4˚C for the avidin/HABA complex to form. After 24 h, the mixture was filtered and was ready for use.
Experimental procedure
In all experiments 1 mL of avidin-HABA or egg-white-HABA was added to 1 mL of Tris-HCl.
In experiments regarding biotin addition, 1 mL of biotin was added to the above solution so that its final concentration would range from 0 (in this experiment 2 mL of Tris-HCl were added to avidin-HABA or egg-white-HABA) to 2 × 10 -4 M. In experiments regarding biotin measurement in urine and serum, 0.5 mL of urine or serum was added to the above solution along with 0.5 mL of biotin solution so that its final concentration would range from 0 (in this experiment 1.5 mL of Tris-HCl were added to avidin-HABA or egg-white-HABA) to 10 -4 M. After biotin was introduced in the avidin-HABA or egg-white complex, the optical measurement result was obtained approximately 3 min later. There was no significant variation in the optical readings at different times. Measurements were done at 22˚C.
Statistical analysis
Statistical analysis was performed using SigmaPlot 2001 (Chicago).
Results and Discussion
In this work we used the anionic dye called HABA [2-(4-hydroxyphenylazo)benzoic acid], which binds avidin at the same sites that bind biotin, although the binding of this dye is much weaker (Kd for HABA = 6 × 10 -6 M). 6 HABA itself absorbs ultraviolet (UV) light with a λmax = 348 nm. When HABA binds with avidin, the λmax is shifted to around 400 nm. When the absorbance is measured at 400 nm, the molar extinction coefficients for the free and bound forms of HABA are 600 and 34500 M -1 cm -1 , respectively. A convenient and accurate assay for biotin involves the displacement of HABA from avidin by biotin, while monitoring A400 nm. This HABA-avidin complex formation is the basis for a vast number of analytical methods that have been developed for monitoring biotin.
The method was optimized using commercially available avidin. The decrease in absorbance observed at 400 nm in the spectrum of the unbound HABA forms the basis of the method. In a solution containing the avidin-HABA complex, when biotin was added, the complex avidin-biotin was formed and thus HABA was released (Eq. (1)). The presence of free HABA is observed as a decrease in absorbance.
Similar observations were made when, instead of using avidin-biotin ε400 = 600
HABA-avidin ε400 = 34000
HABA-avidin ε400 = 34000 HABA ε400 = 600 commercially available avidin, the HABA-avidin complex was formed in the framework of the egg white. Figure 1a shows the spectrum of a solution that was prepared after treating the egg white with HABA. The similarities between the two plots allowed us to conclude that sufficient complex was present in the solution.
Optimization of the method
The aim of the optimization of the method was to find the conditions where the slope of the calibration graph was at its maximum, thus increasing the sensitivity and decreasing the limit of detection.
The increase in absorbance of the HABA-avidin complex solution was monitored at different pH values, as shown in Fig.  1b . Although the optimum pH was obviously 10, it is clear that the method could be used at lower pH values up to about 4. Below pH 4 acid hydrolysis of biotin occurs, limiting the method.
Since the exact amount of avidin present in the egg white is not known, it is impossible to know precisely the concentration of the HABA-avidin complex present. However, by preparing the complex fresh every day its concentration remained constant for the specific set of experiments.
The time required for the complex between avidin and HABA to form was examined by allowing the solution to stand for 0.5, 2, 5, and 24 h, after which the absorbance at 400 nm was measured. Initially the absorbance increases because the amount of complex present increases. After about 24 h the maximum absorbance was reached and we considered that value 594 ANALYTICAL SCIENCES MAY 2007, VOL. 23 as the maximum amount of complex that could be obtained. After 48 h a slight decrease in absorbance was observed, probably because of conformational changes of the egg white (data not shown).
At optimum conditions the calibration curve of biotin was obtained, as shown in Fig. 2 . The limit of detection (LOD) measured was 3 × 10 -5 M, whereas the estimated LOD was calculated from Eq. (1) (LOD = ksB/m) as 0.86 × 10 -5 M. Where LOD is the limit of detection, k is 2, a numerical factor chosen for 95% confidence limits, sB is the standard deviation and m is the slope of the calibration curve.
Evaluation of the method in biological samples
In order to evaluate our method, we used spiked urine and blood samples. Urine. Urine has a pH of around 5. Increasing the pH causes coagulation and therefore optical measurements were impossible. Since the method was usable at pH 5 we did not pretreat the samples. Instead we spiked urine samples with known amounts of biotin (concentration ranging from 0.3 to 0.8 × 10 -4 M) and obtained a calibration curve with R 2 = 0.9842. The linearity of the curve proves the principle of the method. The average recovery of biotin was 85% ranging from 82 to 88%. The LOD measured was 3 × 10 -5 M, whereas the estimated LOD was calculated from Eq. (1) as 1.45 × 10 -5 M. Serum. Blood samples were centrifuged and serum was obtained. We were able to work at much higher pH values (pH 10) and the slope of the curve was thus increased. We spiked serum samples with known amounts of biotin (concentration ranging from 0. 
Conclusions
A simple system was developed for the possible detection of biotin. The system is based on the competition between biotin and avidin for the HABA dye. The novelty of our method is that avidin was allowed to react without isolating it from egg white where it is normally found. Although the sensitivity of our method is lower than the sensitivity reported for sophisticated microbiological or high performance liquid chromatography (HPLC) methods (10 -9 to 10 -8 M), 5 our method is a simple, cheap and easy to use technique when compared with other bioassays, which require animal feeding and the determination of the concentration of biotin is based on the animal development curve.
With this technique monitoring of biotin was achieved with LOD 1.45 × 10 -5 M for urine and 1.73 × 10 -5 M for serum. In conclusion we propose a simple and cheap technique for the monitoring of biotin which could be applied to different samples.
